Background: The family food environment (FFE) is likely to exert important influences on young children's eating. Examination of multiple aspects of the FFE may provide useful insights regarding which of these might most effectively be targeted to prevent childhood obesity. Objective: To assess the associations between the FFE and a range of obesity-promoting dietary behaviors in 5-6-year-old children. Design: Cross-sectional study. Subjects: Five hundred and sixty families sampled from three socio-economically distinct areas. Measurements: Predictors included parental perceptions of their child's diet, food availability, child feeding practices, parental modeling of eating and food preparation and television (TV) exposure. Dietary outcomes included energy intake, vegetable, sweet snack, savory snack and high-energy (non-dairy) fluid consumption. Results: Multiple linear regression analyses, adjusted for all other predictor variables and maternal education, showed that several aspects of the FFE were associated with dietary outcomes likely to promote fatness in 5-6-year-old children. For example, increased TV viewing time was associated with increased index of energy intake, increased sweet snack and high-energy drink consumption, and deceased vegetable intake. In addition, parent's increased confidence in the adequacy of their child's diet was associated with increased consumption of sweet and savory snacks and decreased vegetable consumption. Conclusion: This study substantially extends previous research in the area, providing important insights with which to guide family-based obesity prevention strategies.
Introduction
Given that childhood overweight and obesity are rapidly increasing worldwide, 1 are persistent 2 and have important health consequences throughout life, 3 halting the rising prevalence of these conditions is an important public health priority. 4 Dietary data from throughout the Western world suggest that children's diets are not consistent with dietary recommendations of health authorities 5, 6 and are likely to promote fatness. Although there is general agreement regarding the behavioral precursors of overweight and obesity, current understanding of the most effective means by which to prevent unhealthy weight gain in children remains poor. 7 A range of studies provide important insights regarding those aspects of a child's family environment likely to shape their food intake. Evidence suggests that parents' understanding of nutrition and concern for disease prevention are likely to impact on a child's diet. 8 Further, children's food preferences appear to be influenced by opportunities for parental modeling of food intake and food-related behaviors, 9 by home food availability, 8, 10 by TV exposure 11 and
by parental attitudes, beliefs and practices about child feeding. 10 However, most available data regarding the family food environment (FFE) are based on small-scale studies, or are derived from homogenous populations. 12 Currently, there is little information that allows us to characterize children's eating behaviors within the family environment, nor to understand the factors influencing these behaviors. The notable exceptions are the recent data describing the impact of child-parent feeding interactions on a child's food intake. 13, 14 However, there remains a need to comprehensively describe the impact of the family environment on children's eating, thus enabling practitioners to target nutrition promotion and obesity prevention interventions for those children most at risk of eating poorly or of becoming obese. The aim of this study was to examine the relative importance of proposed FFE predictors on a range of dietary behaviors likely to promote fatness in children. To do this, a model of family environment predictors of children's eating was developed ( Figure 1 ) and its predictive capacity tested.
Subjects and methods

Subjects
Families were purposely recruited to represent a spread of socio-economic circumstances. The objective was not to draw a population-representative sample of families, but to recruit families from across the socio-economic spectrum. Using the Australian Bureau of Statistics Socio-economic Index for Areas (SEIFA), 15 which assigns composite indexes of SES to postal areas (based on Census data relating to attributes such as low income, low educational attainment and unskilled occupations), one area classified as low advantage, one as middle advantage and one as high advantage were identified in Melbourne, Australia. These comprised the sampling frame for the study. Within each SEIFA area, 8-10 schools (depending on numbers of 5-6-year-olds attending) were randomly selected.
In consenting schools, all parents/carers of children in their first year of school were sent a package including a letter of introduction, a plain language statement, the questionnaire, a consent form and a reply-paid envelope. Packages were sent home with students on a day corresponding with the distribution of the school newsletter, in which the school principal had inserted an editorial about the study. Reminder letters were sent via the school to all participants after 1 and 3 weeks and again, corresponded with the distribution of school newsletters in which the school principal inserted a paragraph about the study. Of the 1659 families with 5-6-year-old children attending these primary schools, 33.7% returned a completed questionnaire. Under existing ethical guidelines, only parents who provided active consent were eligible to participate in the study. It is therefore not possible to report on or seek information on the non-respondents. The response rate varied by SEIFA, with parents from schools in the high-SEIFA area being more likely to respond than parents from the middle-or low-SEIFA areas (49% in high SEIFA, 26 and 29% in middle-and low-SEIFA schools, respectively). Ethics approval for this study was granted by the Deakin University Board of Ethics and the Victorian Department of Education.
Measures
Principal care-givers completed the survey instrument, which sought details of parental age, education, employment status, occupation, country of birth and marital status, as well as family structure (e.g. number, ages of children, living arrangements).
Child's dietary intake
• Total energy intake per day
• Vegetable consumption
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Outcome variables. A 56-item food frequency questionnaire (FFQ) was developed based on data from the 1995 Australian National Nutrition Survey. 16 The food and drink items included in the FFQ were those foods that were identified as major contributors to energy and fat intakes in 5-8-yearolds. 16 Major food and drink sources of kilojoules and fat were included because of their impact on the energy density of the diet (kJ/g food). 17 In a similar vein, all 26 fruits and vegetables (in general, low-energy-density foods) listed in the NNS were also included. Given that the children were too young to provide information on their own, parents/carers were used as surrogates. The FFQ used in this study asked subjects 'How often did your child eat/drink this food/beverage over the last week? Response categories were '4 or more times a day', '3 times a day', 'twice a day', 'once a day', '4-6 times a week', '2-3 times a week', 'once a week' and 'not eaten'. These data were subsequently recoded to provide values representing the frequency with which food/drink was consumed per week. For example, '4 or more times a day' was recoded as 28 (times a week), '2-3 times a week' was recoded as 2.5 (times a week) and 'once a week' was recoded as 1 (time a week).
Index of energy intake. To calculate an index of energy consumed, the median serving size of items was calculated using the 1995 NNS unit record files. 16 Median values were calculated using only those children aged 5-8 years who consumed the food item. This figure was then used, along with a mean figure for energy for each generic item, to calculate an index of the energy provided per median serving size. A total energy (kJ) per day figure was calculated by summing these derived values. Energy values of foods were those used for calculations undertaken in the 1995 NNS.
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Generation of food groups. Given the positive relationship between energy density and absolute energy intakes, 17 items contained in the FFQ were organized into groups by their contribution to the energy density of the diet. Thus, 'highenergy (non-dairy) fluids', 'sweet snacks' and 'savory snacks' represented high-energy-density foods, whereas 'vegetables' represented low-energy-density foods. Potatoes were excluded from the vegetable group because Australian data for 5-8-year-olds 12 show that around one half of all vegetable intake was potato, and that most of this was fried (46%) or mashed with added fat (28%), thus raising the energy density and diminishing the similarities to other items in the vegetable group. The individual scores of nominated items were summed within groups to give total consumption scores for each food group. The foods comprising each group are presented in Table 1 .
Reliability of dietary indices. Reliability of the dietary indices derived from the FFQ was assessed by the calculation of the intra-class correlation 18 between the test and retest dietary data of an independent sample of 54 parents of 5-6-year-old children. Dietary data were assessed using identical versions of the FFQ administered 3-4 weeks apart. Intra-class correlation for the index of energy intake, for high-energy (nondairy) fluids, sweet snacks and vegetables was excellent (ICC40.8), 18 whereas ICC for savory snack consumption (0.56) was classified as moderate.
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Predictor variables. The FFE was assessed across a range of domains, as outlined in Figure 1 . Child feeding strategies were assessed using items from the Child Feeding Questionnaire developed by Birch et al. 19 Given the limited number of published measures of family environment, all other measures of family environment were developed for this study, informed by the literature and by the results of qualitative data based on interviews with 17 parents of 5-6-year-old children (data not presented). Fifty-nine questions were developed to assess each aspect of the family environment (see Table 2 for examples). Response options for these items comprised 5-point Likert scales indicating frequency, or rating level of agreement with each statement. In order to facilitate subsequent analyses, exploratory factor analysis 20 was used to develop summary
scores. An orthogonal transformation of the factors (Varimax rotation in SPSSv10) was used to achieve simpler structure with greater interpretability. These 59 variables grouped onto 18 factors with eigenvalues above 1.0 and explained 67% of the total variance. However, inspection of eigenvalues, scree plots, interpretability of factors and the proportion of explained variance suggested that 38 variables loaded onto nine factors (see Table 2 ) and explained 48.1% of total variance. Given the small contribution of the remaining Family food environment and children's eating KJ Campbell et al factors, these items were dropped from further analysis and are not described. The amount of commercial and non-commercial TV viewed by children on a usual school day and a usual weekend day was reported by parents. A response continuum was provided where the parents were asked to circle the number (ranging from 0 to 6 or more hours, in half hour segments) that best represented their child's usual viewing time. The minutes of children's commercial and noncommercial TV viewing per week day were summed and multiplied by five, and per weekend day were summed and multiplied by two. Usual daily TV viewing was calculated by summing weekdays and weekend days and dividing by seven. To facilitate interpretation of the data, this variable was divided by 10.
Statistical analysis
Initial analyses were undertaken in SPSS for Windows Version 10. 21 Frequencies were tabulated to enable inspection of the distribution of all variables. The normality of all dependent variables was assessed and in all cases was considered appropriate when extreme outliers were removed from the data set. In all analyses, cases with an energy intake Family food environment and children's eating KJ Campbell et al of greater than 17 601 kJ (mean þ 3 s.d.) were deleted from the data set (n ¼ 7). In addition, data from 28 children who were reported to have had an illness that had affected appetite for more than 2 days in the previous week were deleted. These deletions reduced the number of cases from 560 to 525. Bivariate and multiple (adjusted for all other predictor variables and maternal education) linear regression analyses were undertaken to examine the associations between proposed FFE predictors and the dietary outcomes of interest. Maternal education (categorized as low, mid and high) was included as a covariate given that previous studies have shown an association between maternal education and children's diets. 22 Tests for collinearity showed low levels of collinearity between the predictor variables. To account for the clustering of cases within schools, these analyses were undertaken using Stata 23 with all regression models adjusted for clustering by schools.
Results
Participants were 560 children (53% girls), mean age 6.1 years, and their primary care providers (92% mothers; 8% fathers). The mean age for both parents was 38 years. For the majority of the sample (93%), English was the language usually spoken at home. Just under half of the mothers (44%) were tertiary educated, 35% had completed high school and/ or a trade and 22% had completed some high school only.
Figures for the fathers were similar with 42% being tertiary educated, 36% having completed high school and/or a trade and approximately two in 10 having completed some high school only. Respondents were nearly all married (81%), or living in de facto relationships (8%). In most families (83%), two adults aged 18 years and over lived in the household; however, approximately one in 10 families reported just one adult in the household and 7 per cent reported that there were three or more. Families were likely to have two children (54%), whereas one-third had three or more children and just one in ten had a single child. Nearly half (48%) of the 5-6-year-old children were first-borns, whereas 40% had one older sibling and 15% had two or more older siblings. Table 3 shows associations found in adjusted linear regression analysis between FFE predictors and energy intake. Adjusting for all predictors, and for maternal education, every unit increase in the factor 'pressure to eat' was associated with an increase in predicted energy intake per day of 457 kJ, every unit increase of 10 min of TV viewing was associated with an increase in predicted energy intake of 82 kJ/day and every unit increase in the factor 'high cost of/low preference for fruits and vegetables' as a barrier to consumption was associated with an increase of 334 kJ/day. Conversely, for every unit increase in the factor 'mealtime interruptions', energy intake decreased by around 332 kJ/day.
Adjusted associations between FFE and vegetable consumption are also presented in Table 3 . More positive parental perceptions of the adequacy of children's diet and of confidence in cooking were significantly negatively associated with vegetable consumption. So too was increased TV viewing. In contrast, the factor 'modeling' was significantly positively associated with vegetable intake, suggesting that vegetables were consumed relatively more frequently when parents reported more opportunities for parental modeling of eating.
Results of adjusted linear regression analyses describing associations between FFE and the consumption of savory snack food are presented in Table 4 . The factors 'parental perception of dietary adequacy', 'parental pressure to eat' Family food environment and children's eating KJ Campbell et al and 'high cost of/low preference for fruits and vegetables' were all positively associated with savory snack food consumption, suggesting that higher values for these factors were associated with greater consumption of these foods. Table 4 also shows that increased parental confidence in the adequacy of children's diet, increased parental pressure to eat and increased TV viewing time were all positively associated, in the fully adjusted model, with sweet snack consumption.
The adjusted multiple linear regression analyses presented in Table 5 show that the consumption of high-energy (nondairy) fluids was positively associated with increased parental pressure to eat and increased TV viewing time.
Discussion
These analyses show that the FFE is complex, with some aspects more frequently associated with a range of obesitypromoting dietary behaviors than are others. Three domains, parental perception of a child's dietary adequacy, parental pressure to encourage eating and the amount of TV viewed, were associated with many of the dietary outcomes. These findings support and substantially extend the existing research. For example, the finding that higher energy intake was associated with higher TV viewing time supports the findings of Crespo et al. 24 and Taras et al. 11 Yet, the present data enrich the understanding of this relationship, showing that even after controlling for a broad range of family environment predictors, TV exposure remained an important correlate of obesity-promoting dietary outcomes. Although associations between TV viewing and obesitypromoting dietary intake in adolescence have been reported, 25 ,26 similar data have not been reported for this younger age group. As such, these data are unique in their description of positive associations between TV viewing time and high-energy fluid consumption and in their description of negative associations with vegetable consumption. The bold values indicate significance statistically. The bold values indicate significance statistically.
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The mechanisms by which TV viewing might influence eating are unclear, but may include the documented relationships between TV viewing, exposure to food advertising, increased requests for advertised foods 11 and preferences for the advertised items. 27 It may also be that TV viewing provides a context that encourages frequent snacking or overeating, 28 or that parents who allow greater TV exposures are more likely to have poor knowledge of, or less concerns about, nutrition. 29 Whatever the mechanisms, these findings suggest that supporting parents to find alternative pursuits to TV viewing may be timely and appropriate. It is of interest that the factor 'mealtime interruptions', describing parent report of TV use during mealtime, parent desire to have TV on at this time and parent willingness to have phone calls interrupt mealtimes, was negatively associated with energy intake, and in contrast to the findings of Coon et al.
29 in 9-12-year-old children, was not associated with consumption of high-energy foods. Saelens et al.
30
report that TV use during meals is a robust proxy for children's total TV exposure, both cross-sectionally and longitudinally. Given this, we expected to find similar associations to those we report between TV exposure and increased consumption of high-energy foods (and of total energy intake). It is possible that potential associations have been diluted by the inclusion of other interruptions to mealtimes. In addition, it is possible that mealtime TV viewing (and other mealtime interruptions) impacts on younger children's eating in ways different from that on older children, for example, by distracting them from eating. Parents' perception of children's dietary adequacy was also associated with many dietary outcomes. Ironically, heightened parent perceptions of the adequacy of their child's diet were associated with children's reduced consumption of low-energy-density vegetables and increased consumption of energy-dense savory and sweet snack foods. Although this relationship has not previously been reported for children, there is some evidence that adults tend to be 'dietary optimists', perceiving aspects of their diets to be better than they actually are. 31, 32 This inverse relationship has important implications for obesity prevention efforts. Parents are unlikely to be receptive to messages that do not address established concerns. Characterizing this optimism will inform practitioners regarding how they can be most effective in delivering diet, health and obesity prevention messages to those parents whose children are likely to be most at risk. Child feeding practices, such as the use of restriction, monitoring and pressure, are widely reported to influence child intake. Whereas only one association was found for the use of monitoring (unadjusted model, data not reported) and none found for restriction, the use of pressure in the feeding relationship was associated with increased consumption of energy-dense foods and fluids. These findings are consistent with previous literature, 33 yet, importantly, extend our understanding of the role of this domain relative to others as correlates of child diet. The use of pressure is proposed by Birch et al. 34 to be indicative of parents' attempts to focus children away from internal cues to hunger and satiety. The relationships described by these data, between the use of pressure and the increased consumption of energy-dense foods/fluids, appear to support this. The irony, however, is that parents may be most likely to use pressure when they perceive their child to be underweight. 35 The use of pressure by parents in the feeding relationship is to be discouraged, given that Birch and colleagues have shown that overriding a child's innate capacity to regulate energy intake may compromise the capacity to respond to these naturally occurring internal cues. This in turn may influence the development of overweight. The factor 'high cost/low preference for fruits and vegetables' reflects parental reports that perceived high cost of fruits and vegetables and low preference in the family for these foods negatively influence their purchase. Increases in this factor reflect increased overall agreement with the statements that suggest these to be reasons for limiting the purchase of fruits and vegetables. Therefore, it was surprising to find that although this factor was positively associated with energy intake and with savory snack consumption (a potential displacer of fruits and vegetables), it was not, in fact, associated with decreased vegetable consumption. It may be that by combining two separate constructs, for two separate groups of foods, that is perceptions of cost (for fruit and vegetables) and perceptions of family liking (for fruits and vegetables), into one factor (as suggested by factor analysis), has limited the capacity to describe associations.
Finally, greater opportunities for parental modeling of eating was found to be positively associated with vegetable consumption. This finding supports the work of Gillman et al., 9 who report that eating family dinner together (an opportunity for modeling of eating) was associated crosssectionally with health promoting dietary intake patterns, including the consumption of more fruits and vegetables. Birch et al. 36 report that it is probable that children will want to eat and, through repeated exposure, learn to like foods that they see their parents eating. These data support the premise that parents provide direct role models to children for vegetable consumption (usually consumed at the evening meal), and that this modeling does impact upon consumption. Thus, children who do not eat the evening meal with their parents appear to have fewer opportunities to have adults model vegetable consumption, which in turn may impact on the child's intake of these foods. The model used to predict dietary intake in this study was comprehensive, informed by both qualitative data and an extensive review of the literature; however, the amount of variance explained for each of the dietary outcomes was modest. Baranowski et al. reports 37 that modest explanation of variance in dietary intake is the norm. Further, although FFQs are considered to be valuable in the clarification of major dietary patterns in both adults 38 and children, 39 it is possible that low variance might be explained by difficulties in accurately assessing all aspects of dietary intake. It is also possible that important family environment variables have been inadvertently excluded or poorly characterized. Finally, Family food environment and children's eating KJ Campbell et al it must be acknowledged that these data are cross-sectional and therefore causality cannot be inferred. In summary, this study supports previous research suggesting that aspects of the family environment are important in influencing eating behaviors of children. However, the study extends earlier work by providing a comprehensive description of ways in which family environment exerts this impact on obesogenic eating behaviors. Further, it must be noted that although the focus of this research was obesitypromoting eating behaviors, it is clear that these insights have applications to the promotion of healthy eating in children more generally. The findings suggest that core components of family-focused strategies to improve children's eating might include supporting parents in efforts to reduce children's TV viewing time, to employ non-coercive feeding strategies and to eat family meals together. In addition, characterizing the predictors of parental dietary optimism may prove to be of fundamental importance, enabling us to engage those parents of children most at risk of obesity-promoting eating behaviors.
